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Abstract 

^ : 

Simple ideas that shed new light on the physics of rotation as it 
, concerns two famous experiments: The Wilson and Wilson, and the 

00 ' Michelson and Morley experiments. 

o : 
o ■ 

O Introduction 

m : 

^ ! Yes indeed! The Earth rotates, the Moon and the Planets rotate, and rota- 

qh| tion is an ubiquitous state of motion in the Universe. But also in laboratory 

^ ' physics rotation is often an essential component in some experiments, among 

W)' them the Michelson and Morley experiment, the Wilson and Wilson, and 

>■ . some others (n) that we shall not consider in this paper. Despite of this, 

^ , many fundamental aspects of the physics of rotation remain not well un- 

^ I derstood if Special relativity is needed, and in particular when rotation and 

■ - - ' electromagnetism both play a role in an experiment. 

The very definition of a rotating frame of reference in Special relativity 
has been questioned in the past and stili is by some (|2|-|1|)- It puzzles some 
authors the fact that the usuai definition looks like non relativistic and leads 
to time-like congruences that do not fili the whole Minkowski's space. Many 
authors also are tempted to deal with rotation invoking the Principle of locai 
Lorentz invariance but this amounts to overlooking some subtle points and 
the conditions that would justify this simplification need to be clarified ([Sj- 
jnj). Also is not always clear whether it makes a difference to distinguish a 
rigid body that rotates from incoherent dust that rotates as if it were rigid. 
These and other thoughts recurrently come to the mind. 
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In Section 1 we review and develop a decomposition of the Lorentz trans- 
formations as a product of three transformations with different meanings and 
different importance. This is to clarify what is essential and what is just con- 
venient in dealing with a particular problem involving only Gahlean frames 
of reference. 

In Section 2 we extend the point of view of the preceding section to deal 
with the coordinate transformations between adapted coordinates from a 
Galilean frame of reference to a rotating one and viceversa. The deep novelty 
is that to be able to have the analog of the third factor in the decomposition 
to select Cartesian-like coordinates of space, we feel that a departure of 
common ideas about the concept of space in a rotating frame of reference is 
necessary, as it was in some other problems ([7|-|n]). This has implications 
on the Principle of locai Lorentz invariance. 

Section 3 is our late contribution to a lively recent polemic about the 
outcome and the theory of the Wilson and Wilson experiment (|l()j-PT]). 
Second order relativistic effects are completely negligible in the conditions of 
the experiment and therefore usually only the first order result that agrees 
with the experiment is calculated. We derive here an exact formula as a test 
case of the procedure that we propose that is complete and remains simple. 

As it is well known the Michelson and Morley experiment (JHl) has been 
usually understood as a test of Special relativity in its most restrictive sense 
([Tn|-|221)5 but not always ([2S]-|2S])- The usuai attitude excludes taking into 
account the rotation of the Earth except for changing the orientation of the 
interferometer with respect to an hypothetic absolute space whose existence 
would violate Special relativity. We have opposed this point of view in three 
preceding papers ([2^-||2Bj) predicting a positive result which by no means 
would contradict Special relativity, but only some restrictive ways of dealing 
with this theory. In these papers, besides the rotation of the Earth, also its 
gravity and its oblateness, or the influence of the Sun and the Moon, were 
part of the discussion and this somehow obscured a little the principal role of 
the first. In Section 4 we summarize a bare-bones presentation of our point 
of view emphasizing the role of the rotation of the Earth. 

1 Galilean frames of reference 

Let US consider Minkowski's space-time and a Cartesian system of coordinates 
T and X* such that the line element is: 

ds'^ = -dT^ + 5ijdX'dX\ c=l, i, j,k, .. = 1,2,3 (1) 
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This simple formula hides the rich geometrical structure of a Galilean fraine 
of reference, say Sq, which is a structure with two ingredients that it is useful 
to exhibit explicitly. 

i) The first ingredient is the congruence Co of time-hke world-hnes with 
parametric equations: 

T = T, X' = const. (2) 
It is a Kilhng congruence, and therefore the motion that it dcfincs is rigid: 

4F[ds^ 0, (3) 



dT Jl 

where Lg is any segment of geodesie whose end-points lie on any two world- 
lines of Co and is orthogonal to them. 

ii) The second ingredient is the fohation with equation: 

T = const. (4) 

It is a family of hyperplanes orthogonal to the congruence Co- The associated 
synchronization is the scale that to an interval of T along any of the wold- 
lines, say Lq, corresponds the proper time interval: 

The purpose of this paper is twofold. First of ali to unravel the meaning 
and the role of the two ingredients in the relationship bctwccn two different 
Galilean frames of reference. And secondly to apply our findings to reach a 
better comprehension of uniformly rotating frames of reference which will be 
the subject of the remaining of this paper starting in Sect. 2. 

Let US consider the foUowing formulaci 

T = T, X' = x' + v'T (6) 

and the inverse: 

r = T, x'^X'- v'T (7) 

where are constants. They make sense both in Classical mechanics and 
in Special relativity and in both cases they have the same dual meaning. 
Here we consider them in the framework of the Galilean frame of reference 
considered above, and therefore we assume that: 



V 



2 < 1, = Viv\ Vi = óijV^ (8) 
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Formulae ® can be interpreted as the parametric equations X"(T;x*) 
(a,/?, 7.. = 0,1,2,3) of a family of time-like world-lines with parameter T 
and initial conditions x*. This family is, as it was the case with Co, a new 
Kilhng congruence Ci of time-hke geodesics. They can therefore be considered 
as the first ingredient of a new Gahlean frame of reference, say Si. 

But the sanie formulae can be interpreted as defining a coordinate trans- 
formation X"(T, x*) from coordinates T, to coordinates T, X*. From this 
point of view they define a coordinate transformation between two Galilean 
frames of reference whose first ingredient are two different congruences Co 
and Ci but share the same foliation. This does not pose any problem but 
one has to keep in mind that the synchronization which was associated with 
proper-time along the geodesics of Co does not correspond now to proper- 
time along Ci. This asymmetry may be inconvenient in some occasions and 
convenient in some others. More on that later. 

Using the coordinate transformation (jH} the line-element (PJ) becomes: 

ds^ = -(1 - v'^)dT^ + 2vidx'dT + óijdx'dx^ (9) 
that can be decomposed as foUows: 



where: 



rfs' = -6»°' + dsl (10) 



Vidx^ 



90 = -^T:r^dT+ / (11) 

V 1 — 

dsl = (Si. + ^^)dx'dx^ (12) 
1 — 



Let US now choose as a new foliation the family of hyperplanes orthogonal 
to Ci and as an associated synchronization that corresponding to choosing as 
scale of time the proper-time along any of the world-lines of this congruence, 
say for instance: 

Lo : X' = xÌ + v'T (13) 
This amounts to choosing the new time coordinate t such that: 



to being an arbitrary origin of t and Tq(T, X*; Xq) being the value of T at the 
intersection of Lq with the hyperplane II of the new foliation passing through 
the event with coordinates T, X*. 
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From the equation of II: 

(X^ - X'^)v, - (T - To) = (15) 



and from: 



we obtain: 



= + v'To (16) 
_ T - (X^ - xi)vi 



V 
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(17) 



and also, using 



^ ^ t-tp ^ {x' - xl)Vi 



Substituting T in (P) we get: 

ds"^ = -df + dsl (19) 

with ds\ being the unchanged metric given in (fT^ . This metric is obvi- 
ously fiat because its coefficients are constants but the coordinates x* are not 
Cartesian coordinates. Particular Cartesian ones are : 

x' = {S^, + hv\)x\ 6=1(-1 + -=Ì=) (20) 
as can be seen substituting the inverse functions: 

= {5] + av'vj)x\ a = -^(-1 + Vi - v^) (21) 
info |T2|l that becomes: 

dsl = Sijdx'dx^ (22) 



At the end we obtain thus: 

ds'^ = -dt^ + óijdx'dx^ (23) 

We have therefore succeeded in decomposing a Lorentz transformation 
leading from ((H) to in three steps as a product of three particular trans- 
formations with different meanings and different importance. 

i) Step 1.- The first transformation is given by © and it is the one 
that picks the congruence, i.e. the rigid motion of a second Gahlean frame 
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of reference. Any other choice would not define a new fraine of reference 
with uniform Constant velocity. We shall see that this is the only step of a 
Lorentz transformation that is necessary to transform tensor fields between 
two different Galilean frames of reference. 

ii) Step 2.- The second transformation is the time transformation given by 
()18|). This defines a convenient foliation and it is important because the cor- 
responding synchronization implements a fundamental postulate of Special, 
as well as General, relativity identifying proper space-time intervals along 
time-like world-lines with physical time intervals measured by real clocks of 
reference. But this time-transformation is by no means necessary in many 
occasions. 

iii) Step 3.- The third step is the three dimensionai coordinate trans- 
formation given by (PT|) . This is a passive, innocuous, change of names to 
refer to the world-lines of the congruence. Its physical meaning importance 
Comes from being the last step to implement the Relativity principle by the 
invariance of the line-element (P) under the Lorentz transformations. But 
in practice its role is at most a mere simplifying convenience which is not 
necessary in many occasions. 

Let US consider an example to clarify the above remarks. Let F°^(r, X*) 
be a second rank skew-symmetric tensor describing an electromagnetic field 
in the Galilean frame of reference Sq. The electric and magnetic fields are 
then: 

E' = Fi) B'^ = F'^ (24) 

Let US now accept that for any other Galilean frame of reference with con- 
gruence Ci the electric E"- and magnetic B"-^ fields be given by: 

^ F^^e^uf^, 5"^ = F'^'^e^e''^ (25) 

where U°' is the unit tangent to the world-lines of the congruence Ci: 

and where 6'^ are three arbitrary covariant vectors fields orthogonal to 

Using the space coordinates transformation (jH)) and keeping the time co- 
ordinate T unchanged leads to the following components: 

n° = ^=Ì=, u^ = Q (27) 
vi — v 

Three particular covariant vectors A^" orthogonal to [/" are: 
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A^" = dx" : = -v", = a,b,c,.. = 1, 2, 3 (28) 

From their definition we know that their components in the Galilean system 
of reference 5*1 are: 

nS = 0, < = 5f (29) 

The same coordinate transformation leads to the following expressions 
for the electromagnetic field in the Gahlean frame of reference Si. 



r = F'^ (30) 

fij = ^ piOyj _ pjOyi (31) 

Bach terni in the r-h-s of these expressions is a function of T and X* and the 
1-h-s are functions of T and obtained using ^ in the r-h-s. 

In particular if we calculate the preceding scalars in the system of 
reference 5*1 with 9f = ni we obtain: 

e» = /|n>^ = ^7^/.o, = r^<4 = (32) 

To obtain the result corresponding to a standard Lorentz transformation 
we have to choose: 

r = dx" (33) 

where x" have been defined in (12111 

Notice that to transform vector or tensor components only the coordinate 
transformations © have been used. The time transformation (fTHj) will be 
needed only if the originai electromagnetic field depends on T and we want to 
use a time reference based on a clock measuring proper-time along geodesics 
of Ci. This may not be convenient if the master clock on which a time 
distribution is based is a clock which is at rest with respect to Sq. Neither is 
always the most convenient choice to calculate the scalars using (jH^ . 

2 Uniformly rotating frames of reference 

Let US consider again Minkowski's space-time with line element (0). It it will 
be now and then convenient to use cylindrical space coordinatesi 

X = pcos(0), F = /9sin((/)), Z = z (34) 



7 



in which case the line-element is: 

Let US consider the time-hke congruence C2 defined by the foUowing para- 
metric equations: 

T = T (36) 
X = X cos^LuT) — y sin{ùLjT) (37) 
Y = X sm{uT) + y cos{ujT) (38) 
Z = z (39) 

where x, y and z are the initial conditions labelhng each of the world-hnes of 
the congruence and a; is a Constant. Using cyhndrical coordinates the same 
congruence has parametric equations: 

T = T, p = p, (f) = tp + uT, z = z (40) 

Considering the dual meaning of or pHjl . as a change of coor- 

dinates we get: 

rfs^ = -(1 - uj^p'^)dT'^ + 2u{xdy - ydx)dT + dx'^ + dy"^ + dz"^ (41) 
which can be spht as follows: 

ds^ = -{elf + dsl (42) 

with: 



«0 _ _^r^dT+;^<^^£=# (43) 



y'^dx'^ + x^dy"^ — 2xydxdy 
1 — a;2p2 



rfs^ = da;^ + dr + d2^ + tu^^ ^ — \ ^ ^ ^ (44) 



or: 



ds'^ = -(1 - uj^p'^)dT'^ + 2p^ud^dT + rfp^ + p^d*^^ + rfz^ (45) 
which can be spht as follows: 
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«° = -4V^iT+^fÌ£^ (46) 



dèi = dp' + + dz' (47) 
1 — u^p^ 



The fact that (jlT|l does not depend on T proves that the congruence C2 
is again a Kilhng congruence and therefore it has an intrinsic meaning in the 
geometrica! framework of Minkowski's space-time. Each of its world-hnes 
describes a circular motion with Constant angular velocity u and thus C2 is 
the first ingredient of a uniformly rotating frame of reference. 

The second ingredient of a frame of reference must be a synchronization 
associated to a fohation. To this end we choose any of the world-hnes of C2, 
say Lo, corresponding to initial conditions (xq, yo, Zq) and define a fohation 
J-'o as being the family of hyperplanes orthogonal to Lq and as associated 
synchronization the proper-time scale along Lq. More precisely we define a 
new coordinate t such that: 



^-to = l yi - p1^2 dT=^l- u^pITo (48) 

where pg = ^0 + Vo^ ^0 is an arbitrary origin of t and To(T, X, Y, Z\ xq, 2/0, 2:0) 
is the value of T at the intersection of Lq with the hyperplane II of the 
fohation passing through the event with coordinates T, X, Y, Z. Let Xq, 
Yq and Zq he the values X, Y and Z at Eq, and let Xq Yq and Zq he 
the values of its derivatives with respect to T. Then the equation of the 
hyperplane II is: 

(Xo - X)Xo + {Yq - Y)Yq + {Zq - Z)Zq -Tq + T = (49) 
Taking into account that: 

Xq = -ujYq, Yq = uXq, Zq = (50) 
Eq. simplifies to: 

u{XYq-YXq)-Tq + T = (51) 

To find Tq{T, X,Y, Z; XQ,yQ, Zq) this equation has to be solved keeping in 
mind that Xq and Yq in: 

Xq = XqCOs{uTq) - yQsm{ujTQ) (52) 
Yq = Xq sin(cjTo) + yQ cos{ujTq) (53) 
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are functions of Xq, yo as well as the unknown Tq. And since this equation is 
transcendental it has to be solved at some approximation. The approxima- 
tion that we consider below consists in using the Taylor expansions of Xq, 
Yq and To with respect to the variables xq and yo neglecting ali monomials 
of order 3 or greater with respect to uj. 

li Xq = yo = then Xq = Yq = and we have: 



Tn = T 



Derivating (|KT|l with respect to xq we get: 



dYo ^ dYodTo. _ y.dXo ^ dXo dTo. 



' dxo dTo dxo ' 



dxo dTo dxo' 



or: 



dTo 
dxo 



uj[Xsm.{ujT) — Fcos(u;T)] 



Similarly we get: 



dTo 
dxo 



(54) 



(55) 



(56) 



dTo 
dyo 



u[X cos{ujT) + Y sin{uoT)] 



Equivalently, since from (j?fj) and (jHHj) we have: 



(57) 



X = X cos{ljT) + Y sm{u}T) (58) 
y = -Xsm{ujT) +Ycos{uT) (59) 
z = Z (60) 



we can write: 



dTo dTo 
dxo dyo 

This process could be continued but the foUowing derivatives would be ai- 
ready of order and we shall stop it here. 
To is then at our approximation: 

To = T + ujxo[X sm{ujT) - Y cos(c<jT)] + ujyo\X cos(cjT) + Y sin(cuT)] (62) 
and therefore from (^Sj) we get at the corresponding approximation: 
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t—to = {l — -plio'^)T+uxo[X sm{uT)—Y cos{u!T)]+uyo[X cos{ujT)+Y sm{ujT)] 

(63) 

This equation together with ()58j) - (jHn|l completes the coordinate transforma- 
tion from the Gahlean frame of reference Sq to the uniformly rotating fraine 
of reference S2. 

From dnSl), (EU) and diU) we obtain: 

T = {l + ^pluj'^){t-to) +uJXoy -ujyox (64) 

which is the time-component transformation from the uniformly rotating 
frame of reference S2 to the Gahlean frame of reference So- Substituting T 
from (jBH) into (p?7jl and (p?H|) would yield the space part of the transformation. 

Up to this point we have completed two steps which are similar to those 
of the preceding section: 

i) Step 1 picked a rotating Kihing congruence as the first ingredient of a 
new frame of reference. 

ii) Step 2 defined some convenient synchronizations. But despite the 
similarities some relevant differences with the pure Galilean case deserve to 
be mentioned explicitly: 

1) The congruences Cq and C2 share the bunch of world-lines corresponding 
to the points of the axis of rotation but have notorious well-known different 
intrinsic geometries. Moreover the domain of C2 must be restricted to the 
domain ujp < 1 to keep it time-like. 

2) The synchronizations of S2 depend on the world-line Lq that defìnes 
the scale of time, but those world-lines which are common to Cq and C2 are 
equally well adapted to both frames of reference. 

There is another important qualitative difference between the case con- 
sidered here and that of the preceding section: namely that now the quotient 
metric ()47|) is not Euclidean and therefore Step 3 there does not make sense 
here because there are not Cartesian coordinates for this metric. The far- 
reaching consequences of this fact which, as we are told ((^Hl), played an 
important historical role in the genesis of General relativity by A. Einstein, 
has been in our opinion under-estimated by the relativity community ever 
since. First of ali this means that rigid bodies can not be compared in general 
if they are in different locations or have different orientations. Another way 
of saying this is to say that a rigid body can not be moved around. This 
shatters the very foundations of metrology and therefore of physics. Simi- 
larly with the concept of parallelism on which is based the idea that it makes 
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sense for two astronomers in two different locations to point their telescopes 
in the same direction. 

In our opinion this unsatisfactory situation stems from a misinterpretation 
of the hne-element fl47j) as describing the geometry of space in a rotating 
frame of reference. The point of view that we develop below consists in 
defining the geometry of space by the principal transform of ()47p. a concept 
that we introduced in [7j, and in re-interpreting as defining an optical 
length, i.e. a length measured by a round trip transit time of hght, instead 
of a physical length, i.e. measured for instance with an stretched ideally 
inextensible thread. 

The principal transform of ()47|) is by defìnition a metric with line-element: 

ds'' = e^^ ( dp^ + ^ P\ ^ VÌ + e^'^dz^ (65) 



with /i and v such that: 



and: 



1 — uj^p^ 



Rijki = (66) 
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(fj,. - f y = (67) 

The first condition ()66|) tells us that (jU^ is Euclidean and the second con- 
dition tells us that Cartesian coordinates of are harmonic coordinates 
of (^Tj) . Both conditions are necessary to make the association intrinsic and 
non ambiguous. 

Requiring the function p to be regular on the axis, the solutions for p 
and u of Eqs. (jMjl and (jHZj) are: 



'^(Vl-u^u^- ^ \ u = (68) 

u \ 1 — u^w' 



Step 3.- Now it makes sense to proceed with Step 3 requiring, if conve- 
nient, the use of Cartesian coordinates of ()65|) . They are the foUowing: 



a/I — ^ p vi ~ ^ P 

SO that (j65|l becomes: 

df' = dx"^ + df + dz'^ = dp^ + p^di/ + df (70) 

with p^ = xP' + y"^. A system of orthonormal axes equally oriented ali over 
the uniformly rotating frame of reference could now be obtained as 1-forms 
differentiating (jOHI)- 
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Neglecting from now on ali terms of order higher than (u;p)^ we have: 

^ - -^^V (71) 

p^p(l- ]u^p') (72) 
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and: 

or equivalently: 



1 + LV') idp' + p'dip') + dz' (73) 



ds^ = ^dp"^ + \p^dip^ + \dz^ (74) 

Ci C2 C3 

where: 

3 

ci = C2^l- C3 = 1 (75) 

At this approximation the formulas ()69|) and its inverse become: 

X = (1 - ^uj^p'^)x, y = {1- ^uj^p'^)y, z = z (76) 

x = {l + ^uj^p^)x, y={l + ^uj^p^)y, z = z (77) 

We are going to check an intuitive belief that is often promoted to a fun- 
damental principle called the Principle of locai Lorentz invariance. According 
to it one assumes that if the relevant time interval and domain of space are 
small enough then, at any location of a rotating frame of reference, the usuai 
Lorentz transformations can be used ignoring every thing else except the 
instantaneous velocity of the location with respect to a Galilean frame of 
reference at rest with respect to the axis of rotation. 

Let US calculate dT using (f77j) and: 

Xo = {1 + ^u'^pDxo, i/o = (1 + ^^'^pDVo, zq = zq (78) 

Then, keeping the approximation to order u"^, let us calculate dX and dY 
using (j?fj) -()39| ) . And fìnally choose a world-line of C2 with initial conditions: 

2/0 = 0, to = (79) 

and evaluate the result when: 
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x = xo, y = yo, z = zq 
The final result is the following: 



(80) 



dT = {1 + -u'^xl)dt + ujxody (81) 

dX = {l + ^LO^xl)dx (82) 
5 

dY = {1 + -u^xl)dy + ujxodt (83) 

dZ = dz (84) 

These infinitesimal transformations have to be compared, at the appropri- 
ate approximation, with the Lorentz transformations corresponding to two 
Gahlean frames of reference when one of them moves with respect to the 
other with Constant velocity v = ujxq in the Y direction: 



dT = (1 + -v'^)dt + vdy, dX = dx, dY = (1 + -v'^)dy + vdt, dZ = dz 

(85) 

A glance to (jH^ and ()83p shows that these transformations do not coincide, 
this meaning that the so-called Principle of Locai Lorentz Invariance is not 
valid in the framework that we have described that includes the third step 
which led to (fTfjl . but it is acceptable if one is willing to renounce to (fTfjl 
and accept instead as meaningful the locai infinitesimal change of space co- 
ordinates: 

dx = dx, dy = [1 + -uj'^p'^)dy, dz = dz (86) 

On the other hand one sees, neglecting terms of order o»^ that the Principle 
of locai Galilean invariance is always satisfied as it was obvious from the 
beginning. 

3 The Wilson and Wilson experiment 

Let (F'^^, K'^^) he the Minkowski's descript ion of an electromagnetic field 
in a medium with electric permittivity e and magnetic permeability fi. The 
physical interpretation of this couple of 4-dimensional skew-symmetric ten- 
sors Comes from the following identifications, where E" is the electric field, 
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is the magnetic induction, D" is the electric displacement and if" is the 
magnetic field: 



E" = F"^M^, = (87) 
= K^'f^u'^, = -K^'f^u^ (88) 

u°' being the unit vector tangent to the congruence defining the motion of 
the fraine of reference and F"^ being the dual of F"^. In a Gahlean frame 
of reference co-moving with the medium (w* = 0) these formulas translate as 
foUows: 



E' = F\, Bk = ^6,jkF'^ (89) 

= K\, Hk = U,,kK'^ (90) 

The remaining components being zero. 
The constitutive equations are: 

= eE\ Hk = -Bk (91) 

and we shall use units such that for vacuum eo = = 1- The matching 
conditions at the boundary of a neutral medium with vacuum are: 



{D\-Dl)ni = 0, 5ijk{E\ - El)n^ = Q (92) 
{Bt-Br)n^ = 0, 6^^'{Ht - H.)n^ = (93) 

where rii is the normal to the boundary and where a super or sub index + 
will refer to vacuum and — will refer to the dielectric medium. 

If the medium is rigid, is uniformly rotating with respect to a Galilean 
frame of reference and adapted coordinates to the co-moving frame of refer- 
ence are used then the identifìcations (jH^ and (j^UI) do not correspond any- 
more to. (fHIHl and (fnnjl . Let us assume that cylindrical coordinates are used 
and therefore the line-element of Minkowski's metric in a Galilean frame of 
reference is fj35p . and ()45|) in the rotating one. The appropriate Identification 
is then given by the following formulas, invariant under arbitrary synchro- 
nizations, derived from ()87p and ()88p : 

d' = r'k\ = goar, hk = \^pgò^,kk'^ (95) 
15 



where /°^, fc"^ are the images of F°'^, K"^ by the congruence transformation 
(EOI); = y/—goo] 9 is the determinant of the 3-dimensional metric (|T7j)and 
goa are the corresponding coefficients of (j^ . Therefore: 

^ = V'i-^V, 9=^=^=^ (96) 

^00 = -(1 - t^V^), 9U = 1, 5-22 = P^ 5^33 = 1, fi'02 = ujp"^ (97) 

The constitutive equations (j9H) and matching conditions (j92|l and (j93|l 
remain unchanged in forni but they hold now for the transformed fields: 

d' = ee\ hk = -bk (98) 
A* 

and: 



{b\ - ìfj)ni = 0, S'^\e\ - eL)n, = (99) 
{d\ - é_)ni = 0, 6'^\hl - hl)nj = (100) 

We are going to use the preceding considerations to discuss the Wilson 
and Wilson experiment. In this experiment a hollow dielectric cylinder is 
rotated with Constant angular velocity a; in a uniform and Constant magnetic 
field B parallel to the axis of rotation. Two brushes fixed with respect to the 
laboratory rub the inner and outer cylindrical surfaces of radius, say pi and 
P2, and the electric potential difference between them AV is measured. The 
results obtained in the experiments agree quite well with the approximate 
formula which one obtains neglecting terms of order w^p^ or smaller: 

AV = lfiBu;{l--){pl-pl) (101) 

Fot our purposes though it is interesting to consider the foUowing fuUy rela- 
tivistic formula: 



Aì/ = -^^(l--)lnÌ^^ (102) 



^(l--)lni^ 

This formula can be derived using a variety of methods ([I^, [?], IH])- 
Our goal below is to show that ()102|) can be derived from ()40|) and the 
line-element ()45|) . without using any non trivial time transformation nor any 
redefinition of the space coordinates, thus demonstrating that these two sim- 
ple ingredients (jin|l and are ali that it takes in some cases to implement 
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Special relativity physics. This explains why so many methods lead to the 
correct result. 

The tensor F"^ in Wilson and Wilson's experiment has a single non zero 
component outside the cylinder, namely in cylindrical coordinatesi 

Bt = pFl' = B (103) 

where B is the uniform magnetic field. With the coordinate transformation 
()4U|) this contravariant field remains unchanged: 

fi' = Fi' (104) 

so that: 

= n ^ 2 J l' = 2. (105) 

vi — cj^p^ V 1 ~" ^ P 

but the line-element is now fl45j) and therefore from ()94|1 and (j^Tj) we get: 

el = (106) 

vi — p 

the remaining components being zero. 

The non trivial matching conditions ()99|) (jlOOj) are: 



wherefrom we get: 



and therefore: 



Finally from: 



we have: 



or: 



di = di, hi = hi (107) 



evi — P V 1 — ^ P 



/i„ = i^, = ^ (109) 

6 p 



fio = 9oof.' + go2fJ (110) 



f!' = -if-o-9o2n (111) 

5*00 
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1 — (jj2p2 

Transforming back to the Galilean fraine of reference to take into account 
the fact that the brushes do not move we obtain: 

= F\ = = (113) 

Using (fTT^ and 

E^ = -dpV (114) 
we obtain by a simple integration the formula ()1()2|1 

4 The Michelson-Morley experiment 

At the end of Sect. 2 we proposed to deal with the unsatisfactory situation 
to which it leads the fact that the space metric (^Tj) is not Euclidian by 
denying to it the role of describing the geometry of space and to attribute 
this role to its principal transform ()65|) . This raises the following questioni 
what is then the meaning of (jTfjl ? The answer that we favor is that this 
metric describes a crystal-like structure of vacuum that is responsible for an 
anisotropy of the round trip speed of light coming from a distinction between 
optical length, which is defined using ()47|) . and geometrical (or mechanical) 
length, which is defined using (jU^ . In other words we propose to predict that 
the round trip velocity of light propagating in a direction 7* in a location 
with coordinates x^{x, y, z) will be given by: 



^ ^pE^ (115) 

With this interpretation it follows that the unit vectors defined covariantly 
by the 1-forms: 

^1 = dp, W = pdip, = dz (116) 

define the principal directions of the anisotropy, and that the scalars (|7H)l 
are the corresponding speeds. An statement that can be summarized by the 
following formula: 

'-''■+4+4 (117) 



2 ^2 ^2 ^2 

7 



Cf C2 C: 



18 



7* being the cosines of the direction of propagation with respect to the prin- 
cipal directions piòj) . 

This point of view has been used to predict a non nuli outcome for those 
experiments of the Michelson-Morley type that rotate on the horizontal piane 
whatever is used as an oriented rigid standard of length. 

If the location is at a colatitude and the direction of propagation lies 
on a horizontal piane making an angle A with the East direction then: 

7 = — cos 9 sin Aei + cos Ae2 + sin 6 sin A 63 (US) 

where Cj are the unit vectors corresponding to the principal directions (jllfij) . 
and we finally obtain: 

z;^ ^ 1 - ^uj'^R^ sin^ ^ ~ ^ ^^^^ ^) " ^2 '^^ ^^^^"^ 
where R is the radius of the Earth, uj is its angular velocity and: 

a2 = -u^R^sm''e (120) 
8 

Most of the experiments of the Michelson-Morley type include to improve 
its sensitivity a standard of length that rotates in the horizontal piane. And 
therefore although the purpose of the experiment is not to measure the pa- 
rameter 02 in fact they measure it as part of a raw result to be used to test 
what they claim would be violations of Special relativity had the experiment 
give a clear cut result. In the experiment of Brillet and Hall 02 was mea- 
sured to be 2.1 10~^^ but this result was cited as being spurious without 
further comment. The predicted result calculated from p2()|l is 3.1 10~^'^. 
We believe that the work presented in this paper, as well as a few others 
that have preceded it, justifies that the result of Brillet and Hall be checked. 
A few recent experiments have improved the sensitivity of Brillet and Hall 
but unfortunately they do not include a rotating arm and therefore they are 
insensitive to the value of 02. 
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